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DOJRULWKPV DQG VRPH DGYDQFHG VWDWLVWLFDO DQDO\VHV LQ DGGLWLRQ WR PRGHUQ WHFKQRORJLHV VXFK DV *,6 ,QWHOOLJHQW
7UDQVSRUW6\VWHPV,76DQGVPDUWVROXWLRQVDUHWKHWRROVLQPRGHUQWUDQVSRUWSODQQHUV¶KDQGV
'HFLVLRQVXSSRUWV\VWHPVLQWUDQVSRUWSODQQLQJDUHD
8VHRIGHFLVLRQVXSSRUWV\VWHPVKHOSPDLQO\WKHSURIHVVLRQDOVRIWUDQVSRUWSODQQLQJXUEDQSODQQLQJSXEOLFSROLF\
SODQQLQJ SXEOLF WUDQVSRUW RSHUDWLQJ VHUYLFH LQGXVWU\ DQG ORJLVWLFV EXW DOVR LQGLYLGXDO XVHUV RI WUDQVSRUW V\VWHPV
0RQLWRULQJRIWUDIILFFRQGLWLRQVOLVWLQJDOOSRVVLEOHWUDYHODOWHUQDWLYHVRUFDOFXODWLQJIDUHVDUHQRZDSDUWRIWUDQVSRUW
XVHUV¶GDLO\OLIH8VHUIULHQGO\LQWHUIDFHVLQZHEDSSOLFDWLRQVDQGVPDUWGHYLFHVLQWUDQVSRUWGHFLVLRQVQRWRQO\KHOS
LQGLYLGXDOVEXWDOVRSDYHWKHZD\IRUWKHIRUPDWLRQRIVPDUWVRFLHWLHV
=DNFODVVLILHV'66VDQGDGMXVWVWKHPWRWUDQVSRUWDWLRQDV>@
L 0RGDOIRFXVWKDWDOORZVWRGLVWLQJXLVKDPRQJGLIIHUHQWWUDQVSRUWPRGHV
LL 6L]HDQGVFRSHWKDWVSOLWVWUDQVSRUWDWLRQ±RULHQWHG'66VLQWRVLQJOHXVHUVPDOOQHWZRUNDQGRUJURXS
RULHQWHGDQGFHQWUDOL]HGHQWHUSULVH
LLL &RQFHSWXDOIRFXVWKDWVSOLWVWUDQVSRUWDWLRQ±RULHQWHG'66VLQWRFRPPXQLFDWLRQ±GULYHQ'66VGDWD±
GULYHQ'66VGRFXPHQW±GULYHQ'66VWKDWSULPDULO\IDFLOLWDWHPDQDJHPHQWUHWULHYDODQGPDQLSXODWLRQ
RQXQVWUXFWXUHGLQIRUPDWLRQFROOHFWHGLQGLIIHUHQWGRFXPHQWVDQGWKHLUKDQGOLQJLQDYDULHW\RIHOHFWURQLF
IRUPDWVPRGHO±GULYHQ'66VDQGNQRZOHGJH±GULYHQ'66V
LY 3UREOHP VROYLQJ DSSURDFK WKDW GLYLGHV WUDQVSRUWDWLRQ ± RULHQWHG '66V LQWR SDVVLYH V\VWHPV DQG
FRRSHUDWLYHV\VWHPV
Y 2UJDQL]DWLRQDOOHYHODWZKLFKWKHGHFLVLRQVDUHPDGHDQGWLPHKRUL]RQDVVRFLDWHGZLWKWKHPWKDWGLYLGH
WUDQVSRUWDWLRQ ± RULHQWHG '66V LQWR VWUDWHJLF '66V WKDW KDQGOH GHFLVLRQ VLWXDWLRQV DW WKH KLJKHVW
RUJDQL]DWLRQDOOHYHODVVRFLDWHGZLWKORQJ±WHUPREMHFWLYHVRI WKHWUDQVSRUWDWLRQRUJDQL]DWLRQV\VWHP
WDFWLFDO'66VWKDWVXSSRUWPLGGOHDQGKLJKHUOHYHOPDQDJHUVRIDWUDQVSRUWDWLRQFRPSDQ\V\VWHPGHDOLQJ
ZLWKPLGWHUPSODQQLQJDQGFRQWURODQGRSHUDWLRQDO'66VWKDWVXSSRUWORZHUOHYHOPDQDJHUVLQWKHLU
GD\WRGD\VKRUW±WHUPPDQDJHULDODFWLYLWLHV
YL 6XEMHFWVFRSHDQGIRFXVWKDWGHILQHSUHFLVHDUHDVRIDSSOLFDWLRQRIWUDQVSRUWDWLRQ±RULHQWHG'66VWKLV
FULWHULRQ DOORZV WR GLVWLQJXLVK WKH IROORZLQJ FDWHJRULHV RI FRPSXWHU V\VWHPV IRU WUDQVSRUWDWLRQ IOHHW
PDQDJHPHQW V\VWHPV LQFOXGLQJ IOHHW FRPSRVLWLRQ V\VWHPV IOHHW VL]LQJ DQG YHKLFOH W\SH VHOHFWLRQ
V\VWHPVIOHHWUHSODFHPHQWV\VWHPVYHKLFOHUHSDLUDQGPDLQWHQDQFHV\VWHPVYHKLFOHDQGFRQVLJQPHQW
WUDFNLQJ DQG PRQLWRULQJ V\VWHPV YHKLFOH URXWLQJ DQG VFKHGXOLQJ V\VWHPV WUDQVSRUWDWLRQ SURFHVVHV
PDQDJHPHQWV\VWHPVDQGVXSSO\FKDLQPDQDJHPHQWV\VWHPVZLWKFXVWRPL]HGWUDQVSRUWDWLRQVROXWLRQV
IUHLJKW IRUZDUGLQJ V\VWHPV IOHHW DFFLGHQWV PDQDJHPHQW V\VWHPV HOHFWURQLF IXHO GLVSHQVLQJ DQG
FRQVXPSWLRQFRQWUROV\VWHPVWUDQVSRUWDWLRQSHUVRQQHOPDQDJHPHQWV\VWHPVLQFOXGLQJFUHZDVVLJQPHQW
DQG FUHZ VFKHGXOLQJ V\VWHPV SHUVRQQHO WUDLQLQJ DQG FDUHHU GHYHORSPHQW V\VWHPV FUHZ UHFUXLWLQJ
V\VWHPV
YLL 8QGHUO\LQJGHFLVLRQ±PDNLQJPHWKRGRORJ\ZKLFKVSOLWVRSWLPL]DWLRQEDVHGWUDQVSRUWDWLRQRULHQWHG'66V
VLQJOH DQG PXOWLSOH REMHFWLYH VLPXODWLRQ EDVHG WUDQVSRUWDWLRQ RULHQWHG '66V JDPH WKHRU\ EDVHG
WUDQVSRUWDWLRQ RULHQWHG '66V GDWD PLQLQJH[SORUDWLRQ EDVHG WUDQVSRUWDWLRQ RULHQWHG '66V K\EULG
PHWKRGRORJ\WUDQVSRUWDWLRQRULHQWHG'66V
YLLL &KDUDFWHURIWKHGDWDKDQGOHGE\WKH'66ZKLFKOHWVXVUHFRJQL]HGHWHUPLQLVWLFDQGQRQGHWHUPLQLVWLF
WUDQVSRUWDWLRQRULHQWHG'66V
L[ 7LPHYDULDELOLW\RIWKHGDWDKDQGOHGE\WKH'66WKLVFULWHULRQUHVXOWVLQUHFRJQL]LQJVWDWLFDQGG\QDPLF
WLPHGHSHQGHQWWUDQVSRUWDWLRQRULHQWHG'66V
[ ,QWHUQHWXWLOL]DWLRQGXULQJGHFLVLRQPDNLQJSURFHVVHVDOORZVXVWRGHILQHRQOLQHDQGRIIOLQHWUDQVSRUWDWLRQ
RULHQWHG'66V
[L :D\RIFRPPXQLFDWLRQZLWKWKHXVHU WKDWOHWVXVGLVWLQJXLVKEHWZHHQSDVVLYHVLQJOHSKDVH'66VDQG
LQWHUDFWLYH'66V
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6HOHFWHG&DVH6WXGLHV
7KHGHFLVLRQ VXSSRUW V\VWHPVRI WUDQVSRUWDWLRQSODQQHUV FRYHU DZLGHSHUVSHFWLYH UDQJLQJ IURP WUDIILF FRQWURO
FHQWUHV SDVVHQJHUPRYHPHQWV SXEOLF WUDQVSRUW PDQDJHPHQW IRU WKH VFKHGXOLQJ DQG URXWLQJ RI FDUJR DXWRPDWHG
WUDQVSRUWV\VWHPVHWF
,QWKLVSDUWRIWKHVWXG\VRPHVHOHFWHGFDVHVWXGLHVRIXVHRI'66VLQVROYLQJWUDQVSRUWDWLRQSUREOHPVDUHSUHVHQWHG
WKURXJK OLWHUDWXUH VXUYH\ ,Q WKHVH FDVHV FRQWULEXWLRQV IURPRWKHU ILHOGVRI VFLHQFH VXFK DV DUWLILFLDO LQWHOOLJHQFH
RSWLPL]DWLRQDOJRULWKPVDQGVRPHDGYDQFHGVWDWLVWLFDODQDO\VHVLQDGGLWLRQWRPRGHUQWHFKQRORJLHVVXFKDV*,6,76
DQGVPDUWVROXWLRQVDUHWKHWRROVLQPRGHUQWUDQVSRUWSODQQHUV¶KDQGV
6R\NDQ	(URO>@XVH'66VWRVROYHSUREOHPVRIDLUWUDQVSRUWPRGH>@7KHDGGUHVVHGSUREOHPLVDLUOLQHFUHZ
VFKHGXOLQJZKLFKLVDSDUWRIDLUOLQHVFKHGXOHSODQQLQJ5REXVWDLUOLQHFUHZSDLULQJSURFHVVUHIHUVWRWKHSURFHGXUHRI
FRQVWUXFWLQJDQRQ\PRXVFUHZSDLULQJVWRFRYHU WKHJLYHQIOLJKWVFKHGXOHLQQHDURSWLPDOZD\WKDW LV OHVVSURQHWR
GLVUXSWLRQVRUDWOHDVWHDVLHUWRUHFRYHURQFHGLVUXSWHG7KLVSURFHVVKDVWRGHDOZLWKFRPSOLFDWHGVSHFLILFDWLRQVRI
LQSXWVDQGVDWLVI\DQXPEHURIGLIIHUHQWDQGRIWHQFRQIOLFWLQJFRQVWUDLQWV$OVRXVHULQSXWVDUHRIWHQQHHGHGLQVHYHUDO
SRLQWV LQ WKHSURFHVV WRREWDLQKLJKTXDOLW\DQGWLPHO\VROXWLRQV7KHUHVHDUFKHUVSUHVHQWDPRGHOGULYHQ'HFLVLRQ
6XSSRUW)UDPHZRUN'6)ZKLFKFRPELQHVDQRSWLPL]DWLRQDOJRULWKPDQGDVLPXODWLRQEDVHGVFKHGXOHHYDOXDWLRQ
VFKHPHIRUDXWRPDWLQJUHDOZRUOGSUDFWLFDOUREXVW$&3SUREOHP)LJ


)LJ7KHDUFKLWHFWXUHRIWKH'6)DVDSURWRW\SH'66IRUDLUOLQHFUHZVFKHGXOHSODQQHUV>@
$%UDQFKDQG3ULFH%	3DSSURDFKLVXWLOL]HGDVDVROXWLRQPHWKRGLQZKLFKFROXPQJHQHUDWLRQPHWKRGLVDSSOLHG
DWHDFKQRGHRIWKH%	%WUHH7KHSUHVHQWHG'6)FDQSULPDULO\DVVLVWDLUOLQHFUHZVFKHGXOHSODQQHUVZKRKDYHWR
VSHQGDORWRIWLPHDQGHIIRUWFUHDWLQJFUHZVFKHGXOHVWDNLQJLQWRDFFRXQWQRQOLQHDUFRVWVWUXFWXUHYDULRXVDPRXQWV
RIFRQVWUDLQWVWKDWDIIHFWFRVWDQGIOLJKWVDIHW\
%DODV>@XVHV'66VWRVROYHSUREOHPVRIPDULWLPHWUDQVSRUW,WSURSRVHVDW\SLFDOLQYHVWPHQWSODQQLQJSUREOHP
ZLWK XQFHUWDLQWLHV DQG ULVN SDUDPHWHUV WKDW GHFUHDVH WKH UHOLDELOLW\ RI FRVW DQG LQFRPH SUHGLFWLRQVZKLFK FRDVWDO
HQJLQHHUVDUHXVHGWRIDFH7KHFDVHVWXG\LVIURPWKH,VNHQGHUXQ3LHURI7XUNH\ZKLFKLVXQGHUFRQVWUXFWLRQ7KH
VXSHULRULWLHV RI WKLV SURSRVHG VLPXODWLRQ$11 PRGHO WR RWKHU FODVVLFDO LQYHVWPHQW SODQQLQJ PHWKRGV ZHUH WKH
LQFOXVLRQRIXQFHUWDLQWLHVLQWKHLQYHVWPHQWSDUDPHWHUVOLNHWKHFKDQJHRIFDUJRDQGFRVWVYDULDEOHVLQWLPHDQGWKH
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GHWHUPLQDWLRQRISURMHFWEHQHILWFRVWZLWKDQLPSURYHGDFFXUDF\$IHDVLELOLW\DQDO\VLVPRGHOZDVSURSRVHGLQWKLV
FKDSWHUIRUSRUWV)LJ

)LJ7KHIORZFKDUWRIWKH'66WRFDOFXODWHIHDVLELOLW\RISRUWV>@
7KUHHPHWKRGVZHUHXWLOL]HG
L $UWLILFLDO1HXUDO1HWZRUN$11WRGHWHUPLQHWKHUDWHVDQGFDSDFLW\RIFDUJRE\FRQVLGHULQJWKHHFRQRPLF
GHYHORSPHQWRIKLQWHUODQG
LL 4XHXLQJPRGHOWRGHWHUPLQHWKHZDLWLQJWRVHUYLFHWLPHDQGWKHEHUWKRFFXSDQF\UDWLRV
LLL,PSRUWDQFH6DPSOLQJ0RQWH&DUOR,60&WRVLPXODWHVKLSDUULYDOVGHSDUWXUHVIURPWKHTXD\V
7KHUHTXLUHGWLPHWRUHDFKWKHRSHUDWLRQDOFDSDFLW\LQYDULRXVHFRQRPLFVFHQDULRVLVGHWHUPLQHGE\WKHFDUJRUDWH
SUHGLFWLRQVRI$11ZKLFKLVLQWHUUHODWHGZLWK,60&VLPXODWLRQ7KHDUWLILFLDO LQWHOOLJHQFHPHWKRGRORJ\WDNHVWKH
HFRQRPLF GHYHORSPHQWV RI WKH UHJLRQ LQWR DFFRXQW E\GHILQLQJ WKH*13 DV RQH RI WKH LQSXW SDUDPHWHUV RI$11
VWUXFWXUHV
5R\HWDO>@UHYLHZZRUN]RQHVDQGVROYHDQLPSRUWDQWPDLQWHQDQFHSUREOHPLQURDGWUDQVSRUWYLD'66V>@$
ZRUN]RQHLVWKHDUHDRIDKLJKZD\ZKHUHFRQVWUXFWLRQPDLQWHQDQFHRUXWLOLW\ZRUNDFWLYLWLHVWKDWFDQEHLGHQWLILHG
E\ZDUQLQJVLJQVVLJQDOVLQGLFDWRUVLQFOXGLQJWKRVHRQWUDQVSRUWGHYLFHVWDNHSODFH
:RUN]RQHVDOVRLQFOXGHURDGZD\VHFWLRQVZKHUHWKHUHLVRQJRLQJPRYLQJPRELOHZRUNDFWLYLW\VXFKDVODQH
OLQHSDLQWLQJRUURDGVLGHPRZLQJRQO\LIWKHEHJLQQLQJRIWKHRQJRLQJPRYLQJPRELOHZRUNDFWLYLW\LVGHVLJQDWHG
E\ZDUQLQJVLJQVRUVLJQDOV7KHYDULRXVSUREOHPVZKLFKSUHVDJHGWKHLQFUHDVHGQXPEHURIZRUN]RQHVLQWRGD\¶VGDWH
DOVRFUHDWHGDP\ULDGRIFRPSOLFDWHGFKDOOHQJHVIRUWKHYDULRXVWUDIILFDJHQFLHVLQYROYHGLQZRUN]RQHPDQDJHPHQW
DQGHVWLPDWLRQ7KHFUHDWLRQRIDZRUN]RQHFKDQJHVWKHURDGXVHUFRQGLWLRQVZKLFKWKHQOHDGWRLQFUHDVHGQXPEHURI
DFFLGHQWV7KHSODFHPHQWGXUDWLRQDQGPDLQWHQDQFHRIZRUN]RQHVDUHDPXOWLIDFHWHGSUREOHP7KHKLJKZD\LVQRW
FORVHGWKXVZRUN]RQHVFDQEHGHILQHGDVVSDWLDODQGWHPSRUDOUHVWULFWLRQVRQWKHURDGZD\ZKLFKQHJDWLYHO\LPSDFWV
WUDIILFIORZFRQGLWLRQV7KHPDMRUFRQFHUQRIPRVWWUDIILFPDQDJHPHQWDQGSODQQLQJDJHQFLHVLVWKHSODFHPHQWRIORQJ
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WHUP7KHVWXG\GHVFULEHV([WUHPH/HDUQLQJ0DFKLQH(/00LQLPD[3UREDELOLW\0DFKLQH5HJUHVVLRQ0305DQG
*DXVVLDQ3URFHVV5HJUHVVLRQ*35IRUSUHGLFWLRQRIZRUN]RQHFDSDFLW\
2FDOLU$NXQDO>@SUHVHQWVDFDVHVWXG\H[DPSOHWRDZHEEDVHG'HFLVLRQ6XSSRUW6\VWHP'66IRULQGLYLGXDOV¶
XUEDQWUDYHODOWHUQDWLYHV7KHFDVHVWXG\LVIURPDSURMHFWSUHSDUHGIRU$QNDUD7XUNH\0XQLFLSDOLW\ZKLFKDLPVWR
JLYHLQGLYLGXDOVWKHRSSRUWXQLW\RIFKRLFHDPRQJDOOWUDYHODOWHUQDWLYHVXQGHUGLIIHUHQWFULWHULDERWKIRUSXEOLFWUDQVSRUW
ULGHUV DQG FDU XVHUV $ OLWHUDWXUH VXUYH\ JLYHV EDFNJURXQG LQIRUPDWLRQ IURP ILHOGV RI DSSOLFDWLRQV RI ,QWHOOLJHQW
7UDQVSRUW6\VWHPV,76VKRUWHVWSDWKSUREOHPVDQGZHEEDVHG'66V6SHFLDOHPSKDVLVLVJLYHQWR)OR\G:DUVKDOO
DOJRULWKPZKLFKLVXVHGWRVROYHWKHVKRUWHVWWUDYHOWLPHEHWZHHQDOOSDLUVRISRLQWVLQWKHFDVHVSHFLILFSUREOHP,QWKH
FDVHVWXG\SDUWWKHGHVLJQRIWKHSURSRVHGV\VWHPLWVFDSDELOLWLHVDQGH[DPSOHVZLWKVFUHHQVKRWVDUHVXEPLWWHGWR
KHOSRWKHUUHVHDUFKHUVGHVLJQWKHLUSURMHFWVDFFRUGLQJWRWKHUHTXLUHPHQWVVSHFLILFIRUWKHLURZQFLWLHV7KHSURSRVHG
LGHDVFDQEHDSSOLHGWRWKHWUDQVSRUWQHWRIDQRWKHUFLW\)LJ


)LJ6FUHHQVKRWVIURPZHEEDVHGWUDQVSRUWDWLRQ'66IRULQGLYLGXDOV¶WUDYHODOWHUQDWLYHV
$NLQ	$ODVDOYDU>@PRGHOXUEDQJURZWKDQGH[SDQVLRQEDVHGRQREVHUYHGDQGPRGHOOHGWUDYHOSDWWHUQVLQDVWXG\
DUHD,QWKHDQDO\VLVRILQWHU]RQDOWULSVXVLQJKLHUDUFKLFDOFOXVWHUDQDO\VLV+&$IRUDQGDVDFDVHVWXG\RI
WKHSURYLQFHRI6DNDU\D7XUNH\7KHPRGHOOLQJLQWKLVVWXG\PDGHSRVVLEOHWRDQDO\]HWKHXUEDQVWUXFWXUHIRUGLIIHUHQW
WLPH KRUL]RQV ZKHQ2' WUDYHO GDWD DUH DYDLODEOH WR XQGHUVWDQG WKH LQWHUDFWLRQV RYHU WKH VSDWLDO VWUXFWXUH RI DQ
XUEDQL]HGDUHD7KHDFKLHYHGUHVXOWVDUHXVHIXOWRROVIRUSODQQHUVDGPLQLVWUDWRUVDQGSROLF\PDNHUVDVGHFLVLRQPDNHU
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WRXQGHUVWDQGWKHLQWHUDFWLRQVRYHUDVSDWLDOVWUXFWXUHDQGWRSODQIRUFUHDWLQJHIILFLHQWVXEFHQWUHVZLWKPRUHEDODQFHG
GLVWULEXWLRQRIWUDYHOSDWWHUQVRYHUXUEDQDJJORPHUDWLRQV7KHDSSURDFKDOVRKHOSVWRFKRRVHSRWHQWLDODUHDVIRUIXWXUH
GHYHORSPHQWV
0XUDWHWDO>@SUHSDUHGH[DPSOHWRXVHRIDQDO\WLFDOKLHUDUFK\SURFHVV$+3DVDGHFLVLRQVXSSRUWV\VWHPLQWKH
FDVHRI7XUNH\IRULQWHUVHFWLRQW\SHVHOHFWLRQLQXUEDQDUHDV7KHVWXG\LVUHODWHGWRKLJKHUFRQVWUXFWLRQFRVWRIDW
JUDGH LQWHUVHFWLRQV7KHDXWKRUVJDYHHPSKDVLVRQ³QRWVLJQDOL]HG LQWHUVHFWLRQV´DV WKHPLQLPXPLQWHUUXSWLRQV LQ
WUDIILFIORZVDYHUDJHGHOD\VIXHOFRQVXPSWLRQRSHUDWLQJFRVWDQG&2HPLVVLRQUDWHVDUHORZHUWKDQWKHRWKHUV7KH
DQDO\VHVWKDWFRQVLGHURSHUDWLQJFRVWVKRZWKDWSUHIHUHQFHRIDWJUDGHLQWHUVHFWLRQVLVLQWKHVHFRQGRUGHU5HVXOWVRI
WKH$+3DQDO\VLVVXSSRUWDOVRWKHILQGLQJVREWDLQHGIRUVLJQDOL]HGLQWHUVHFWLRQV6LJQDOL]HGLQWHUVHFWLRQVZLWKOHIWWXUQ
ED\DQGVLJQDOL]HGLQWHUVHFWLRQVDUHDOVRGLVFXVVHGLQWKHFKDSWHU/HIWWXUQED\VSURYLGHDQH[WUDVSDFHWKXVSRVVLELOLW\
RIDQDFFLGHQWRFFXUUHQFHFDQEHUHGXFHGDQGDOVRFDSDFLW\RIWKHDGMDFHQWODQHFDQEHLPSURYHGE\WKLVZD\
6SLFKNRYD	+DPLOWRQ>@GHYHORSHGDPHWKRGRORJ\WRSURYLGHVPDUWVROXWLRQVIRUVXVWDLQDEOHRXWFRPHVVRWKDWD
WUDQVSRUWV\VWHPEHFRPHVDSDUWRIDµVPDUWFLW\¶,QWKLVVWXG\'66VDUHYLHZHGDVDVSHFLDOZD\RISDUWLDOO\GHVLJQLQJ
KXPDQV RXW RI WKH PDLQ V\VWHP DFWLRQV SDUWLFXODUO\ LI LW LV DVVXPHG WKDW WKH KXPDQ ZLOO IROORZ WKH GHFLVLRQ
UHFRPPHQGHGE\WKHVXSSRUWV\VWHP7KHSURSRVHGZHEEDVHG'66ZKLFKFDQEHDSDUWRIDVPDUWFLW\LVGHVLJQHG
IRUWKHSXEOLFWUDQVSRUWGULYHUZKHUHWKHUHTXHVWLQIRUPDWLRQIRUWKHURXWHLVFROOHFWHGIURPWKHSDVVHQJHUVG\QDPLFDOO\
LQUHDOWLPH7KHPRGHOFDQKHOSHQDEOLQJWKHUHGXFWLRQRIJUHHQKRXVHJDVHPLVVLRQDQGQRLVHSROOXWLRQDVZHOODVWKH
VDYLQJRIIXHOFRVWVIRUWKHSXEOLFWUDQVSRUWVHUYLFHFRPSDQ\+DYLQJDPRUHIOH[LEOHGHQVHWLPHWDEOHDQGSRVVLEOH
ORQJHUURXWHVDVZHOODVVXEMHFWLYHVKRUWHUWUDYHOOLQJWLPHVDUHRWKHUSRVVLEOHRXWFRPHVRIWKHPRGHO)LJ


)LJ'66GHVLJQHGIRUSXEOLFWUDQVSRUWGULYHUVIRUWUDQVSRUWRQ±GHPDQG
1LĠă	1LFXODH>@DQDO\VHWKHFRQQHFWLYLW\RIWKH1DWXUDSURWHFWHGDUHDVQHWZRUNIRUWHUUHVWULDOPDPPDOV
LQ WKH$OSLQH%LRJHRJUDSKLF5HJLRQ IURP5RPDQLD E\ HYDOXDWLQJ WKH VSDWLDO GLVWULEXWLRQ RI 6LWHV RI&RPPXQLW\
,PSRUWDQFHLQWKH5HJLRQDQGDVVHVVLQJWKHIXQFWLRQDOFRQQHFWLYLW\RIWKHSURWHFWHGDUHDVQHWZRUNRQWZRVFHQDULRV
ZLWK DQGZLWKRXW WKH LPSDFW LQGXFHG E\ WKH URDGV QHWZRUN7KH DQDO\VLV LQFOXGHV D QXPEHU RI  VLWHV DQG WKH
GLVWULEXWLRQ RI  VSHFLHV RI WHUUHVWULDO PDPPDOV SURWHFWHG XQGHU WKH +DELWDWV 'LUHFWLYH HDFK KDYLQJ GLIIHUHQW
GLVSHUVLRQGLVWDQFHVDQGGLIIHUHQWKRPHUDQJHVL]HV7KHSURWHFWHGDUHDVFURVVHGE\WKHWUDQVSRUWDWLRQLQIUDVWUXFWXUH
DUHFRQVLGHUHGWREHGLVFRQQHFWHG7KHDFKLHYHGUHVXOWVIRUWKHFDVHVWXG\DUHDRSHQVDKRUL]RQLQGLVFXVVLRQVDERXW
WKHDGYHUVHHIIHFWVRIWUDQVSRUWRQHQYLURQPHQW
*DPEHULHWDO>@SUHSDUHGDPXOWLREMHFWLYHRSWLPL]HUIRUPXOWLPRGDOGLVWULEXWLRQQHWZRUNV>@7KHDXWKRUV
GLVFXVVWKHHIIHFWLYHGHVLJQRIPXOWLPRGDOGLVWULEXWLRQQHWZRUNV'1VIURPDPXOWLREMHFWLYHSHUVSHFWLYH7KUHHRI
WKH PRVW UHOHYDQW RSWLPL]DWLRQ GULYHUV DUH MRLQWO\ FRQVLGHUHG ORRNLQJ IRU WKH PXOWLREMHFWLYH RSWLPDO QHWZRUN
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FRQILJXUDWLRQ 7KH RSHUDWLQJ FRVW IXQFWLRQ VWUHVVHV WKH LPSRUWDQFH RI HIIHFWLYH '1V WR VDYH PRQH\ PDNLQJ WKH
UHWDLOHUHQGXVHUIXOOSULFHFRQYHQLHQWWKHFDUERQIRRWSULQWORRNVIRUHQYLURQPHQWDOO\VXVWDLQDEOH'1VDEOHWRPLWLJDWH
WKHLPSDFWRQWKHFOLPDWHFKDQJHDQGWRUHGXFHHPLVVLRQVGXHWRSURGXFWLRQVWRUDJHDQGVKLSPHQWDFWLYLWLHV)LQDOO\
WKHGHOLYHU\WLPHIXQFWLRQIRUFHVWRVSHHGWKHGLVWULEXWLRQSURFHVVWRSURPSWO\VXSSO\WKHPDUNHWGHPDQG7KHWUL
REMHFWLYHPRGHOLVEHKLQGDQRSWLPL]HUGHFLVLRQVXSSRUWV\VWHP'66VXSSRUWLQJWKHSODQQHULQWKHVWHSVWRGHVLJQDQ
HIIHFWLYHVXSSO\FKDLQQHWZRUN7KHDSSOLFDWLRQLVH[HPSOLILHGWKURXJKDFDVHVWXG\WDNHQIURPWKHIUHVKIRRGLQGXVWU\
3DUWLFXODUO\WKHSHFXOLDULWLHVRIIRRGSURGXFHVDUHFRQVLGHUHGWRXSGDWHWKHJHQHUDOPXOWLREMHFWLYHPRGHOHJSURGXFH
SHULVKDELOLW\7KHGDWDDUHIURP,WDOLDQSURGXFHUVGLVWULEXWLQJSURGXFWVWRPXOWLSOH(XURSHDQFRXQWULHV6KRUWDQGORQJ
VKHOI OLIHSURGXFWVDUHVWXGLHG WRKLJKOLJKWGLIIHUHQFHV LQ WKHPRVWHIIHFWLYHVKLSSLQJVWUDWHJLHV7KHNH\RXWFRPHV
VWUHVVRSSRVLWHWUHQGVEHWZHHQRSHUDWLQJFRVWDQGHQYLURQPHQWDOLPSDFWRQRQHVLGHDQGWKHWLPHREMHFWLYHIXQFWLRQ
RQWKHRWKHU
.DUDEXOXW	2FDOLU$NXQDO>@SUHSDUHGDWRROIRU*,6EDVHGULVNDQDO\VLVIRUWUDQVSRUWDWLRQRIGDQJHURXVJRRGV
RQ URDG WKH 5$*,6$'5 7KH SURSRVHG PRGHO KDV EHHQ GHYHORSHG WR HYDOXDWH WKH HQYLURQPHQWDO ULVNV RI
WUDQVSRUWDWLRQRIGDQJHURXVJRRGVRQURDG,QWKLVFKDSWHUDULVNEDVHGGHFLVLRQVXSSRUWPRGHOLVXVHGDVDWRROIRU
URXWHGHFLVLRQPDNLQJRIIXHOSURGXFWV7KHUHOHYDQFHRIWKHPRGHODVDGHFLVLRQVXSSRUWWRROLVGHPRQVWUDWHGWKURXJK
DFDVHDSSOLFDWLRQWRDURDGQHWZRUNLQDUHJLRQLQZHVWHUQ7XUNH\7KHSULRULW\ZHLJKWVRIHDFKHQYLURQPHQWDOFULWHULRQ
DUHFDOFXODWHGE\XVLQJ$QDO\WLFDO+LHUDUFK\3URFHVV$+37KHPRVWFRQYHQLHQWURXWHDFFRUGLQJWRWKHFULWHULDVHW
LVGHWHUPLQHGDIWHUDVVHVVLQJWKHRXWFRPHVRIWKHULVNDQDO\VHVPRGHOV)LJ


)LJ5HVXOWVIURPWKH5$*,6$'5>@
&RQFOXVLRQ
'XULQJWKHODVWWKUHHGHFDGHVWKHXVHRIFRPSXWHUVKDVFRQWULEXWHGDORWWRWKHSUDFWLFHRIWUDQVSRUWSODQQLQJ,Q
DGGLWLRQ WR JDLQLQJ WKH DELOLW\ WR EXLOG XS PRUH FRPSOH[ PRGHOV LQ RUGHU WR DQDO\VH FROOHFWHG GDWD VRPH QHZ
DSSURDFKHVZKLFKWDNHKXPDQEHKDYLRXULQWRFRQVLGHUDWLRQKDYHEHHQDGGHGWRWUDQVSRUWSODQQHUV¶WRROV,QFUHDVLQJ
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XVHRIFRPSXWHUVJLYHVWUDQVSRUWSODQQHUVSRVVLELOLWLHVWRKDQGOHPXFKPRUHGDWDZLWKLQFUHDVLQJSUHFLVLRQLQYHU\
OLPLWHGWLPHIUDPHV7KLVPRGHUQSHUVSHFWLYHLQGHFLVLRQPDNLQJLQWUDQVSRUWDWLRQSODQQLQJLVPDLQO\IHGE\VFLHQWLILF
DSSURDFKHV RI V\VWHPV WKLQNLQJ *,6 LQIRUPDWLRQ V\VWHPV DQG DUWLILFLDO LQWHOOLJHQFH 7KH UHVXOWV RI DQ\ DQDO\VLV
UHJDUGLQJDQ\WUDQVSRUWGHFLVLRQFDQEHHDVLO\YLVXDOL]HGDQGSUHVHQWHGWRGHFLVLRQPDNHU$VLQJOHVROXWLRQLVXVXDOO\
UHSODFHGE\DVHWRIVROXWLRQVZLWKDFRPSDUDWLYHOLVWRIDGYDQWDJHVDQGGLVDGYDQWDJHV8VHRIGHFLVLRQVXSSRUWV\VWHPV
KHOSPDLQO\WRSURIHVVLRQDOVRIWUDQVSRUWSODQQLQJXUEDQSODQQLQJSXEOLFSROLF\SODQQLQJSXEOLFWUDQVSRUWRSHUDWLQJ
VHUYLFHLQGXVWU\DQGORJLVWLFVEXWDOVRLQGLYLGXDOXVHUVRIWUDQVSRUWV\VWHPV0RQLWRULQJRIWUDIILFFRQGLWLRQVOLVWLQJ
DOOSRVVLEOHWUDYHODOWHUQDWLYHVRUFDOFXODWLQJIDUHVDUHQRZDSDUWRIWUDQVSRUWXVHUV¶GDLO\OLIH8VHUIULHQGO\LQWHUIDFHV
LQZHEDSSOLFDWLRQVDQGVPDUWGHYLFHVLQWUDQVSRUWGHFLVLRQVQRWRQO\KHOSLQGLYLGXDOVEXWDOVRSDYHWKHZD\IRUWKH
IRUPDWLRQRIVPDUWVRFLHWLHV
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